One of the important environmental issues is the quality of surface waters in the world. Poland belongs to countries with a low quality of the inland waters. The sanitary condition of the five water reservoirs of south-east Poland was analyzed. Water and sediment samples were incubated on the selective and/or differential media. High concentrations of many common and pathogenic microbial indicators were shown in those samples. Those reservoirs are used by people, especially during summer. Because of the high epidemiological risk, detailed analysis of all inland waters should be performed routinely.
INTRODUCTION
Many organizations, both worldwide (e.g. Centre for Disease Prevention and Control, European Parliament, World Health Organization) and in Poland (e.g. Ministry of Health and Ministry of Environment, The State Sanitary Inspectorate) get engaged in the protection and control of water resources. Despite this, with current trends, the world will miss the sanitation target by more than half a billion people. Every year, hazardous water, coupled with lack of basic sanitation, kills at least 1.6 million children under the age of five years (Joint Monitoring Programme for Water Supply and Sanitation, 2006) . Poland is among countries with inadequate water resources which are characterized by significant seasonal variability and an unequal territorial distribution (Central Statistical Office, 2013) . The capacity of storage reservoirs in Poland is small, able to hold only 6% of the yearly effluent of water. It doesn't provide adequate safeguard against periodic deficits of water. Out of 139 lakes subjected to monitoring in 2010, 5 lakes (4% of the total lake waters) had very good ecological water status (I class quality). Lakes with moderate ecological water status (III class quality) constituted the largest group (81 lakes). They accounted for 50% of the total volume of monitored lake waters. The lakes with bad ecological water status (V class quality) represented 9% of the total number of the lakes. Additionally, wastewater is still discharged into surface water and grounds in some cities and countries. In 2012, wastewater treatment plants served only 69% of the population (92% in urban areas and 33% in rural areas, where about 39% of the population lives). In 2012, five towns were not served by wastewater treatment plants. Approximately 15% of plants discharging wastewater right into the water or into the ground didn't possess wastewater treatment plants. Only 55% of the towns and 26% of the rural municipalities were served by modern wastewater treatment plants with increased biogene removal (disposal). In these plants, 82% of the wastewater was discharged through urban and rural sewage systems (Central Statistical Office, 2013) .
The economic and environmental condition of the country has a significant impact on water quality (Mazari-Hiriart et al., 2008; Hlavsa et al., 2011) . Microbiological water quality is evaluated based on the number of particular microorganisms, especially Escherichia coli and Enterococcus sp, identified by standardized methods (Toranzos & McFeters, 1998; Bartram & Rees, 2000; Jones et al., 2002; Pickup et al., 2003) . Unfortunately, many more pathogenic bacterial species are often identified in water, for example Salmonella spp., Shigella sp., Clostridium perfringens, Listeria monocytogenes, Vibrio cholera and others (Mazari-Hiriart et al., 2001; Le Dantec et al., 2002; Smylla et al., 2003; Hlavsa et al., 2011; ECDC, 2012) .
The aim of this study was to analyze microbiologically the water and bottom sediments of selected water reservoirs in Swietokrzyskie Province in winter and spring 2013. Water and sediment samples were tested for the presence of Escherichia coli, Enterocuccus faecalis, Salmonella spp., Shigella sp., Clostridium perfrigens and mesophilic and psychrophilic bacteria.
MATERIALS AND METHODS
Study sites and sample collection. The study sites covered 5 water reservoirs (Kaniow, Lubianka, Suchedniow, Umer, Wilkow) located in the Swietokrzyskie Voivodship in the south-east Poland (Table 1 ). The samples of water and sediments were taken from three points (inlet, center, outlet) of the reservoirs during winter (05.03.2013) and spring (27.05.2013) into sterile bottles. The sediment samples were derived from 0.5-4 m depth of the bottom by Sampler (Becker). Samples were taken from the centre of the sampler core. The water samples were derived from approx 1 depth of water ta-ble of the reservoir. The pH of the samples was 6.9-7.6 and the temperature of the samples was 2.5-5.1ºC in the winter and 12.8-17.6ºC in the spring. A total of 18 water samples and 14 sediment samples in the winter, 14 water samples and 14 sediment samples in the spring were taken into sterile bottles.
Bacterial identification. Samples were diluted serially (10 0 , 10 -1 , 10 -2 , 10 -3 , 10 -4 ) and plated on growth and selective chromogenic media: Yeast Extract (Biocorp, ISO 6222) for the total number of mesophilic and psychrophilic bacteria; TSC Lab-Agar (Biocorp, ISO 7937, ISO 15213) for Clostridium perfringens; Salmonella -Shigella Lab-Agar (Biocorp, ISO 10273) for Salmonella spp., Shigella sp. and E. coli; Endo (Biocorp) for E. coli; Bile Esculin Azide Lab-Agar (Biocorp, ISO 7899-2) for E. faecalis; E. coli Chromogenic Medium (Biocorp) for E. coli. The cultures were carried out according to the media manufacturer's instructions. Analyses were carried out according to the Polish Committee of Standardization Norms PN-EN ISO 6222. Samples were plated by spread plate method and incubated at 37°C (mesophilic bacteria) and 22°C (psychrophilic bacteria) for 24-48 h. The isolation of C. perfringens was carried out in anaerobic conditions. Grown and characterized bacterial colonies were counted, classified into various types and Gram stained to observe them under the light microscope. The number of bacteria was counted based on the cfu number (colony forming units) that appeared on the media.
RESULTS AND DISCUSSION
Our research of selected water reservoirs analyzed the presence of different bacterial indicators of the water and the bottom sediment contamination. Samples were taken from five water reservoirs located in Swietokrzyskie Voivodship in the south-east Poland. The reservoirs were characterized based on the features which could influence their microbiological condition: volume (km 3 ), mean depth (m), water surface (ha), average pH and temperature, the characteristics of the bottom and the catchment area (Table 1 ). The reservoirs were rather similar, with exception of the bottom of the Lubianka reservoir (organic soil) and volume of the Kaniow reservoir (the smallest reservoir). Based on preliminary analysis, there was no simple correlation between the reservoir and the presence of the bacteria. There are many factors that can affect individually or simultaneously the quality of the water and sediment. The study involved analysis of the presence of total coliforms and Escherichia coli, Salmonella spp., Shigella sp., Enterococcus faecalis, Clostridium perfringens. Marking the total number of mesophilic and psychrophilic bacteria was used as a further indicator element of organic matter contamination and as a source of microorganisms with potentially high adaptive properties (Nedwell, 1999) . It can be confirmed by an easy method of growing bacteria on the medium at 22ºC or 37ºC, after their isolation from the cold water (about 4ºC). The total number of bacteria varied widely, depending on a reservoir, a place the sample was taken and type of the analyzed sample (Table 2) . Psychrophilic bacteria and bacteria from the sediment samples were the most numerous. The highest number of the bacteria was identified in Wilkow. Cultivated bacteria showed a few different types of colonies. 10 types of colonies from the water and 15 types of colonies from the sediment were identified. Usually Gram positive bacilli with spores were detected, most often in the sediment, during winter. This seems to be normal because of the prevailing climatic conditions (low temperature) and the environment. High turbidity of the water samples indicated mixing with the upper parties of the bottom sediment. This can have an important influence on the water contamination by the bacteria from the sediment. The samples were taken only once or twice from three different points of each reservoir for one season. Therefore, results gave high standard deviations. There should be more samples from each point, but these results also showed large variation in the number of different bacterial species in the water reservoir. Despite a small number of the samples, a large number of pathogenic bacteria was often identified in a small volume of the samples (Table 2 ). Characteristic colonies of E. coli, Shigella sp. and Salmonella spp. were identified on the specific media. These results were obtained for each reservoir, in the water and/or in the sediment. A difference between cfu numbers of E. coli and coliforms (Table 3) can indicate various sensitivity of the media (E. coli chromogenic medium, Endo, SS) or different number of bacteria in the 100 µl of the sample (Gonzalez et al., 1992) . Shigella sp. and Salmonella spp. strains were especially numerously represented, with exception of the Kaniow reservoir. E. faecalis were very rarely identified. High concentration of this bacteria was identified only once, in the bottom sediment of Lubianka, during spring (Table 3) . Anaerobic sporulating bacilli of C. perfringens in general were not identified. Also, the presence of the microbial indicators was not detected in the bottom sediment in the winter. However, this number has increased dramatically in the spring. In addition, many more bacteria were identified in the sediments in comparison to the water of the reservoirs. The total number of the identified indicators in the bottom sediment of all reservoirs (557 cfu) was approx 3 times higher than in the water (168 cfu), in the spring. The results can be explained by the specific conditions of the reservoirs (Table 1) . A large number of bacteria, especially in the sediments could be caused by groundwater flow into the reservoirs during fertilization of the fields. The bottom sediment of the Lubianka reservoir is identified as organic soil which can have an important influence on the high concentration of bacteria. The Kaniow reservoir was the purest. It is situated on a slight elevation relative to the surrounding farmlands. This may explain the lowest concentration of the intestinal bacteria in the studied samples.
Sanitary water analysis according to current microbiological standards in Poland and Europe involves the same biological indicators, but detection is in larger volume samples (Bartram & Rees, 2000; Pickup et al., 2003;  Regulation of the Minister of Health, 2010; Hlavsa et al., 2011) . Recreational water reservoirs cannot contain more than 1000 cfu of E. coli in 100 ml of water, more than 400 cfu of Enterocuccus sp in 100 ml and any Salmonella spp. bacteria in 1000 ml of water (Smylla et al., 2003;  Regulation of the Minister of Health, 2010) . This study presents the bacterial number of cfu in 1 ml. It should be noted that based on those standards, the total ac- ceptable concentration of those bacteria was exceeded in each of the analyzed reservoirs. All tested reservoirs were permitted for water activities in the summer, when the bacteria have better conditions to survive in this environment. In addition, municipalities are not required to test the bathing reservoirs as often as reservoirs classified as recreational by the European Union. This situation poses a serious threat to human health. Rivers and reservoirs have been used for years as receivers of the wastewaters (Smylla et al., 2003; MazariHiriart et al., 2008; Central Statistical Office, 2013) . This led to their degradation. Additionally, such contaminants pose epidemiological dangers and disrupt the natural biological balance (Langergraber & Muellegger, 2005) . The presence of the total coliforms or E. coli strains in the water may involve a lot of the intestinal and extraintestinal pathotypes of E. coli strains (Jones et al., 2002; ECDC, 2012) . For example, the reported rates of human cases of VTEC (verotoxin-producing E. coli) infections have followed a significantly increasing trend in the fouryear period in the European Union (EU) and European Economic Area (EEA) countries since 2006. In 2010, 230 cases of haemolytic-uraemic syndrome were reported. Infection with vero/shiga toxin-producing Escherichia coli (VTEC/STEC) causes acute diarrhea, which may be bloody, and is often accompanied by mild fever and vomiting. The infection, also by uropathogenic (UPEC), enterohemorrhagic (EHEC) E. coli strains and others strains may lead to potentially fatal haemolytic-uraemic syndrome (HUS), affecting renal function and requiring hospital care (ECDC, 2012) .
The next very important human pathogens are Salmonella spp. and Shigella sp. (Smylla et al., 2003) . A high concentration of these bacteria in almost each of the reservoirs was detected in this study. In 2010, a total of 102 323 confirmed salmonellosis cases were reported by 29 EU/EEA countries. Multinational Salmonella outbreaks underline the need to continuously strengthen coordinated investigations and control measures across the Member States, at the European level, and between human, veterinary and food safety organizations and networks. It is necessary to rapidly detect dispersed multinational strains as well as to investigate if and how the diverse Salmonella strains found in Member States (and world-wide) are related. Salmonella Paratyphi A was the most commonly identified serotype in cases of paratyphoid fever. These cases were in majority imported from India and Pakistan and constituted 84%. These systemic bacterial diseases are caused by infection with Salmonella enterica serovars Typhi, Paratyphi A, Paratyphi B and Paratyphi C. Humans can be short-or long-term carriers of these bacteria; transmission is by fecal-oral route, through person-to-person contact, or contaminated water or food. Shigellosis infections may cause serious illness and death, and outbreaks appear. Humans are the only significant reservoir. Transmission occurs by the fecal-oral route, either through person-to-person contact, or through contaminated food or water. In 2010, 7 312 confirmed shigellosis cases were reported in 28 EU/ EEA countries. Shigellosis remains a rather uncommon infection and the number of cases has remained stable (ECDC, 2012). Suchedniow 0 Microbiological analysis of water is an essential part of environmental monitoring (Toranzos & McFeters, 1998; Mazari-Hiriart et al., 2008; Sasikaran et al., 2012) . Such studies allow tocontrol the condition of homeostasis in nature. It is also important in studies of biodiversity (Langergraber & Muellegger, 2005) . Periodical analysis of water is used to determine the typical indicators of microbial contamination of water. In the identification of environmental bacterial species, metagenomic methods are increasingly used. However, traditional microbiological methods allow for quick characterization of the cosmopolitan microorganisms (Gonzalez et al., 1992; Bartram & Rees, 2000) . Further correlations of chemo-physical, geographical and microbiological properties of the examined reservoirs permit for a wider determination of reciprocal dependencies of the mentioned components in a given environment (Sasikaran et al., 2012) .
